Introduction
Coronary anomalies are defined as rare anatomic patterns and are seen in approximately 1 to 5% of all patients undergoing coronary angiography (Tuncer et al., 2006; Angelini, 1999; Friedman et al., 2007) . Classification of anomalies of the coronary arteries is shown in table-1 (Angelini, 2007 Coronary artery fistulae (CAF) are classified as abnormalities of termination and are defined as congenital or acquired an abnormal communication between the right or left coronary arterial systems and a cardiac chamber or vessel, having bypassed the myocardial capillary bed (Friedman et al., 2007) . They comprise 13% of congenital coronary artery anomalies (Table- 2) (Yamanaka et al., 1990) . Table 2 . Isolated congenital coronary artery anomalies (Yamanaka et al. 1990) The CAFs were first described by Josef Hyrtl in 1851 (Friedman et al., 2007) . The incidence of the CAFs is changes according to genetic or ethnic racial factors or either to different geographical regions (Table-3 ). The true incidence is difficult to evaluate because about most of the cases may be asymptomatic and clinically indictable until an echocardiogram or catheterization is performed. The incidence of CAFs is 0.3-0.8% in patient's undergone diagnostic cardiac catheterizations (Angelini, 1999; Cebi et al., 2008) . Echocardiographic studies estimated the incidence of congenital CAFs in children at 0.06 to 0.2% (Sherwood et al., 1999; Hsieh et al., 2002) . Sex predilection is controversial. In a study it is found out that males are more affected than females, with a ratio of 2.3 to 1 (Ata et al., 2009 ). Another study shows that there is no sex predilection for CAF (Chiu et al., 2008) .
Author
Patients CAFs Incidence (%) Population Gillebert 1986 14,708 20 0.13 Belgian Yamanaka et al., 1990 126 . Table 3 . Angiograhic incidence of CAFs in different adult population.
Major sites of origin of the fistulae are from the right coronary artery (40-60%), left anterior descending (30-60%), circumflex and a combination thereof (Gupta-Malhotra, 2010). The CAFs predominantly drain into the right side of the heart (92%) into the right ventricle in 41%, the right atrium in 26%, the coronary sinus in 7%, the pulmonary in 17%, and superior vena cava in 1% of cases (Levin et al., 1978) . Its connection between coronary sinus; left atrium, and left ventricle is unusual (Table-4 ) (Said, 2010) . (Said, 2010) Approximately 10-30% of patients with CAFs also have another congenital cardiovascular anomaly (Cheung et al., 2001; Holzer et al., 2004) . Congenital CAFs may occur as an isolated finding or may appear in the context of other congenital cardiac anomalies or structural heart defects, most frequently in critical pulmonary stenosis or atresia with an intact interventricular septum and in pulmonary artery branch stenosis, tetralogy of Fallot, coarctation of the aorta, hypoplastic left heart syndrome, patent ductus arteriosus, ventricular septal defect, atrial septal defect, and aortic atresia (luo et al., 2006; Ata et al., 2009 ).
Etiology
Exact etiologies of CAFs have not been identified. They are usually occurring congenitally or acquiredly. The congenital causes are responsible for most of them. Congenital fistulous connections between the coronary system and a cardiac chamber appear to represent persistence of embryonic intertrabecular spaces and sinusoids (Lin et al., 2009 ). The acquired causes of CAFs include coronary atherosclerosis, Takayasu arteritis, polymyositis, cardiac surgery, percutaneous coronary intervention, septal myectomy, closed-chest ablation of accessory pathway, permanent pacemaker placement, transbronchial lung biopsy, acute myocardial infarction, and after repeated myocardial biopsies in cardiac transplantation (Table-5 ). The penetrating and nonpenetrating chest trauma may also lead to CAF. Traumatic CAFs are most common between the right coronary artery and the right side of the heart. Although acquired causes are reported to be rare, it is likely that the true incidence is underestimated (Luo et al., 2006) . Seventy-six patients (1985 Seventy-six patients ( -1995 with 96 CAFs were identified from a review of the literature by Said et al. They reported a congenital origin in 64% of these 76 cases and an acquired cause in 36% (Said et al.,1997) .
Pathophysiology
Normally, 2 coronary arteries arise from the root of the aorta and taper progressively as they branch to supply the cardiac parenchyma. A fistula exists if a substantive communication arises bypassing the myocardial capillary phase and communicates with a low-pressure cardiac cavity (atria or ventricle) or with a branch of the systemic or pulmonary systems. Anomalies of the coronary arteries can be considered as the result of a rudimentary persistence of an embryologic coronary arterial structure, a failure of normal coronary development, a failure of the normal atrophic process of development, or the misplacement of a connection of an otherwise normal coronary artery. CAFs may appear as a persistence of sinusoidal connections between the lumens of the primitive tubular heart that supply myocardial blood flow in the early embryologic period. The mechanism is related to the diastolic pressure gradient and runoff from the coronary vasculature to a low-pressure receiving cavity. If the fistula is large, the intracoronary diastolic perfusion pressure diminishes progressively. Normal thin-walled vessels exist at the arteriolar level that may drain into the cardiac cavity (arteriosinusoidal vessels) and venous communications (thebesian veins) to the right atrium. These small vessels do not steal significant nutrient flow and do not constitute fistulous connections. Fistulae usually are large (>250 mm) and dilated or ectatic, and they tend to enlarge over time. Often, the limits of what constitutes a fistula and what constitutes a normal vessel are debated (Friedman et al., 2007) . (Angelini, 1999) Over time, the coronary artery leading to the fistulous tract progressively dilates, which, in turn, may progress to frank aneurysm formation, intimal ulceration, medial degeneration, intimal rupture, atherosclerotic deposition, calcification, side-branch obstruction, mural thrombosis, and, rarely, rupture (Gupta-Malhotra, 2010). The histopathologic findings which are reported in the literature are myocardial hypertrophy with focal fibrosis, dilatation of the involved vessel, and mural thinning of the fistula wall with fresh thrombosis and concomitant atherosclerosis (Zenooz et al., 2009) CAFs were classified into 2 types according to different patterns of morphology and pathology: type I was a solitary coronary to cardiac chamber or great vessel fistula, whereas type II comprised coronary artery left ventricle (LV) multiple microfistulas. Type I CAFs were also classified into 2 different sizes: macro (diameter ≥1.5 mm ( Figure- B. Angiogram (left lateral projection) shows the multiple fistulae originating from the left coronary system (Kose et al., 2005) Origin, termination and pathway of CAFs are explained by Said et al (Said et al.,2006) . He reported that recognized for the origin and termination each, two morphological types: single or multiple channels and for the pathways three different types: tortuous/multiple, tortuous/single and straight/single channels with or without aneurysmal formation or dilatation of the fistula-related artery . Fistulas with single communications are much more higher compared with multiple fistulas (Kose & G. Heper, 2005) . Fig. 2 . An art drawing illustrating origin, pathways and ending of CAFs (Said 2006) The mechanism of myocardial ischemia or heart failure induced by CAFs is thought to be the result of a shunting and steal phenomenon of normal coronary flow, flow-mediated inflammatory vascular changes, vascular trauma or dissection, coronary compression, abnormal myocardial perfusion pressure due to intravascular stenoses or to abnormal drainage compartments, micro-or macro-vascular venous thrombosis, and micro-or macrovascular arterial thrombosis (Chiu et al., 2008; Valente et al., 2010; . Mechanisms of coronary thrombosis in CAF include abnormal flow patterns associated with vascular ectasia, coronary tortuosity, abrupt changes in vessel caliber, and abnormal vascular connections; potential for congenitally intrinsic local or circulating changes in the clotting or fibrinolytic cascade; and effects of direct vascular trauma (Fahey et al., 2008) The coronary arterial fistula can be direct in its course and connection, or it can take a convoluted and worm-like path to its site of drainage. Occasionally, the fistulous connections can become aneurysmal. The involved coronary artery is typically dilated when the distal fistula is large, as there is preferential flow, or ''steal'', from the coronary arterial system into the lower resistance chamber or vessel. The steal phenomenon associated with CAF is classificated by two types. One type is the persistent steal caused by the existence of large fistulous tracts. The other type, episodic steal, is caused by physiologic factors which can be seen in small and multiple CAF (Angelini, 2002b) When the fistula drains into the right side of the heart, the volume load is increased in this side as well as in the pulmonary vascular bed, the left atrium and the left ventricle. When the fistula drains into the left atrium or the left ventricle, although there is volume overloading of these chambers, there is no increase in the pulmonary blood flow. A left-toright shunt exists in over 90% of cases. The size of the shunt is determined by the size of the fistula and the pressure difference between the coronary artery and the chamber into which the fistula drains. However, the shunt ratio is generally small regardless of age; in many cases, a shunt is not detectable. Large shunts are particularly prevalent when the fistula terminates in the atrial chambers (Nakayama et al.,2010) . If a large left-to-right shunt exists, CAFs are complicated as pulmonary hypertension and congestive heart failure; others include rupture or thrombosis of the fistula or associated arterial aneurysm or coronary steal phenomena (Qureshi, 2006; Friedman et al., 2007) .
Clinical features
The clinical presentation of coronary artery fistulas is mainly dependent on the severity of the left-to-right shunt. The majority of adult patients with CAFs are usually asymptomatic. However, their natural history can be variable and they may cause symptoms in some patients at any age. The type of fistula, shunt volume, site of the shunt, and the presence of other cardiac conditions are associated with the clinical findings of CAF. While small coronary artery fistulae are usually asymptomatic due to small shunt flow, large coronary artery fistulae are mostly symptomatic causing cardiac heart failure, pulmonary arterial hypertension, myocardial infarction, arrhythmias, endocarditis, or rupture (Dursun et al., 2009) . The symptoms of CAFs in adult patients usually begin in the 5th or 6th decade (Qureshi, 2006) . A smaller percentage of pediatric patients tend to be asymptomatic, unlike adults. It is mentioned in an article that most patients with these fistulas younger than 20 years were asymptomatic compared with patients older than 20 years (Liberthson et al., 1979) . It is very rare to diagnose a CAF in the neonate (Zenooz et al., 2010) . Dyspnea on exertion is the most common symptom of CAFs. The other symptoms of CAFs are angina, fatigue, palpitations and paroxysmal nocturnal dyspnea. Angina pectoris may be rarely seen in patients without arteriosclerotic coronary artery disease. Patients with angina pectoris are mostly older than 40 years old and they have coexistent coronary artery stenosis and/or have large or multiple fistulas. Rarely, the presenting feature can be pericardial effusion or sudden death (Chiue et al., 2008; . It is commonly believed that the lesion is incidentally detected on routine examination or is an incidental finding during coronary angiogram (Juraschek et al., 2011) . The most common clinical presentation of CAF is a continuous heart murmur. CAFs are usually suspected when a murmur is detected in asymptomatic individuals. The prevalence of a continuous murmur varies in different reports depending on the population studied. The location on the chest wall where the murmur is the loudest depends on where the fistula enters the heart. It was reported that a continuous murmur was found in 3-9 % in patients with CAFs (luo et al., 2006) . The characteristic of murmur is a soft, at a grade of 2/6-4/6, continuous murmur that tends to be crescendo-decrescendo in both systole and diastole but louder in diastole. The murmur is often confused with other conditions, such as patent ductus arteriosus, arteriovenous shunts. pulmonary arteriovenous fistula, ruptured sinus of Valsalva aneurysm, aortopulmonary window, prolapse of the right aortic cusp with a supracristal ventricular septal defect, internal mammary artery to pulmonary artery fistula, and systemic arteriovenous fistula. It is to be underlined that in these conditions, continuous murmurs reach their peak intensity at the time of the second heart sound. CAFs should be considered in many symptomatic or asymptomatic patients with cardiac murmurs (Ata et al., 2009).
Diagnostic methods
and angiocardiography. The other technical methods are rarely used in the diagnosis of CAF. Cardiac enzyme and brain natriuretic peptid levels may be elevated in patients with CAF. The screening and the treatment guideline suggested by Angelini is shown in Figure- 3 (Angelini, 2002b) . Although the electrocardiogram shows the left ventricular volume overload and occasionally ischaemic changes, it is usually unhelpful in CAFs. Generally, the chest x-ray is normal, but occasionally moderate cardiomegaly may be present when there is a large left-to-right shunt (Qureshi, 2006) . The treadmill evaluation of coronary function is largely negated by the consistently high incidence of false-positive and false-negative results. This is why the treadmill is not to be used frequently and reliably. Myocardial perfusion scintgraphic studies may be used to assess myocardial ischaemia before and after treatment of CAFs. Magnetic resonance imaging may also help in confirming the diagnosis, as the proximal coronary arteries or even the whole length of the fistula vessel may be seen. Intravascular Doppler ultrasonography provides further insight into the pathophysiology of CAFs. 
Angiography
Coronary angiography is the main diagnostic technique for the precise diagnosis of the CAFs, and its dynamic implication, cannot be ascertained entirely from non-invasive modalities. Cardiac catheterisation and angiography have been used as a method of technique evaluation of CAFs. The catheterization provides the hemodynamic evaluation of the CAFs. Cardiac catheterization remains the modality of choice for defining coronary artery patterns of structure and flow. Most frequently, intracardiac pressures are normal and shunt flow is modest. Aortography or selective coronary arteriography also provide the most detailed anatomy of the fistula, in particular, the size, the origin, the course, presence of any stenosis and the drainage site ( Figure-4 ). In addition, therapeutic embolization using occlusive coils or devices may be performed via catheterization (Krishnamoorth et al., 2004) . Fig. 4 . A. Selective injection shows the fistula from the left circumflex coronary artery to the left ventricle (Dursun et al, 2009 ). B. The coronary fistula from the left main coronary artery to the right ventricle, and the coronary steal with rudimentary distal coronary arteries (Marijon et al., 2007) . CF; coronary fistula, LAD; left anterior descending coronary artery, LCX; left circumflex coronary artery, LMS; left main coronary artery, LV; left ventricle.
Coronary angiography still remains the gold standard for imaging the coronary arteries, but sometimes origin and relation of CAFs to adjacent cardiac structures may be ambiguous. It is difficult to measure and observe abnormal tortuous blood vessels with coronary angiography in one section, under such conditions non-invasive methods such as transthoracic and transoesophageal echocardiography, magnetic resonance imaging and contrast enhanced multislice tomography can be used as adjunct to coronary angiography.
Echocardiography
Echocardiography is helpful in diagnosing most fistulae. Two-dimensional echocardiograms may reveal left atrial and left ventricular enlargement as a consequence of significant shunt flow or decreased regional or global dysfunction as a consequence of myocardial ischemia. A markedly enlarged coronary artery can usually be detected with echocardiography. Echocardiography is not suitable for the evaluation of the functional status of CAFs (Angelini, 2002b) . A coronary artery fistula should be suspected when two dimensional imaging of the main coronary arteries in the parasternal-short axis view shows one coronary artery dilated while the other coronary artery is of normal size. Multiple two-dimensional echocardiographic planes were used in coursing the dilated left coronary artery in the parasternal short-axis plane. But position of the probe, cardiac motion and curvilinear nature of the vessel may limit visualization. High-volume flow may be detected by color-flow imaging at the origin or along the length of the vessel (Figure-5) . Carefully seek the site of drainage; often, it is evident as a disturbed flow signal, most frequently within the right ventricle. Recently, some authors have recommended the transesophagial echocardiography for the diagnosis of fistulas because of its better resolution. Transesophageal echocardiogram may be also useful in delineating the origin, course, and drainage of a fistula (Juraschek et al., 2011) . Widespread use of echocardiography coupled with increased awareness and availability of surgical and transcatheter repair of congenital lesions have led to greater potential to perform intervention on CAFs (Valente et al., 2010) .
Multidetector computed tomography
Although echocardiography is often used to detect CAFs, detailed evaluation may be difficult in some patients. Overweight patients present a particular difficulty because of their insufficient acoustic window for echocardiography. In this latter group, Multidetector Computed Tomography (MDCT) may allow excellent adjunctive anatomical delineation, notably of the origin intervening anatomy and distal entry sites of CAFs with high resolution (Lee et al., 2007) . Distal vessel entry depiction by MDCT allows an assessment for the presence or absence of obstruction, which determines the likelihood of a coronary artery steal presentation (Figure-6 and -7) . A contrast opacification into the receiving chamber/vessel is useful in confirming the CAFs entry site and patency of the shunt (Dodd et al., 2008) Cardiac catheterization is the best diagnostic method for identification of CAFs, but it is invasive and has got roughly 1.5% morbidity, 0.15% mortality risk (Lee et al., 2007) . Therefore, in patients where echocardiography and angiography are unable to provide adequate anatomical and physiological information, MDCT may provide additional precise details of CAFs, enabling more optimal therapeutic planning (Dodd et al., 2008) . Many studies suggest that MDCT has a potential in thoracic imaging, involving not only evaluation of the coronary arteries but other thoracic vessels and coronary-extracoronary communications. The MCDT takes far less time than catheter angiography and requires less skill to carry out. Catheter-related risks, including bleeding at puncture site, haematoma formation, occurrence of arteriovenous fistula etc., are completely eliminated. It also eliminates the more serious complications of catheter angiography like coronary artery dissection, stroke and a small but definite incidence of mortality. The procedure is carried out as an outpatient procedure, and hence, hospitalization is not needed. Thus, MDCT is considered as a good alternative to echocardiography and coronary angiography. The major limitation of MDCT is radiation exposure, which can be substantially lowered by techniques such as automatic tube current modulation and shielding (Zenooz et al., 2009 : Srinivasan, 2008 ). 
Treatment of CAF
The management strategy of patients with CAFs depends on the size of the fistula, presence of symptoms, the anatomy of the fistula, the patient's age and whether the patient has other associated cardiovascular disorders (Lin et al., 2009 ). Spontaneous closure is rare but may occur in small fistulae. Spontaneous closure is likely to occur in infants younger than 2 years if the CAFs drains into the right heart, especially the right ventricle (Wong et al., 2000) . Small fistulous connections in the asymptomatic patients need to be monitored. The majority of small, asymptomatic CAFs in adults do not need surgical or coronary intervention and medical treatment (Angelini et al, 2002b) . In borderline situations, close echocardiographic or angiographic follow-up imaging identifying the enlargement of feeding vessel in asymptomatic patients provide significant information. Larger fistulae progressively enlarge over time, and complications, such as congestive heart failure, myocardial infarction, arrhythmias, infectious endocarditis, aneurysm formation, rupture, and death, are more likely to arise in older patients. These complications may be avoided by early closure of the fistula. Most symptomatic patients with CAFs are treated by closure with transcatheter or surgical ligation. Transcatheter embolization is adviced to all large fistulae but the small fistulous connections. Patients with multiple openings, or significantly aneurysmal dilatation may not be optimal candidates for transcatheter closure. These CAFs are not suitable for the transcatheter approach and preferably are to be addressed surgically. The preferred method of approach for any patient depends on the anatomy of the fistula, the presence or absence of associated defects and the experience of the interventional cardiologists and surgeons. For the treatment of traumatic CAFs and iatrogenic CAFs, early operative intervention needs to be preferred. Patients which are managed conservatively may develop life-threatening complications. Aneurysmal degeneration, which can lead to mural thrombosis, rupture, or side-branch obs t r u c t i o n , i s n e e d e d t o b e t r e a t e d . F o r asymptomatic patients, indications for surgery are similar to those diseases which have left to right shunts (e.g., Qp/Qs>1.5 or right ventricular volume overload).
Transcatheter treatment
Transcatheter closure of CAFs avoids the need for surgical intervention, cardiopulmonary bypass, and median sternotomy. In 1983, Reidy and his colleagues first successfully performed transcatheter closure of CAFs (Reidy et al., 1983) . Since then, transcatheter closure of CAFs has been reported with satisfactory results, and this is now considered the treatment of choice for this anomaly. The main indications for embolization are proximal location of the fistulous vessel, single drain site, extraanatomic termination of the fistula away from the normal coronary arteries, older patient age, and the absence of concomitant cardiac disorders requiring surgical intervention (Zenooz et al., 2009 ). The main technical limitations of embolization consist of extreme vessel tortuosity, small diameter of the coronary artery and presence of multiple drainage sites or coronary branches at the site of optimal device position.
Devices
The choice of device and technique depends on the anatomic characteristics of the CAFs which include tortuosity, the presence of high flow in the fistula, aneurismal dilation of the feeding vessel and the point of the intended occlusion. Other important determinants comprise the age and the size of the patient, the catheter size that can be used in the patient, the size of the vessel to be occluded and the tortuosity of the catheter course to reach the intended point of occlusion (Qureshi, 2006) .
Various occlusion devices are available for the closure of the CAFs. These are Gianturco and polyester-covered stainless steel coils, detachable balloons, umbrella devices, covered stent polyvinyl alcohol particles, glue and a combination of these instruments (Tacoy et al., 2009; Zhu et al., 2010) . The above mentioned coils are used primarily in smaller CAFs (Figure-8) . Their advantages are smaller sheath and catheter delivery sizes, and their cost. Multiple coil placements may be necessary for closing of the severe, tortuous, high-flow fistula. Mechanical detachable coils are used in patients with high-flow velocity coronary fistulae and these play an important role in avoiding coil migration and these are safe in coil embolization (Naber et al., 2004) . Electrically detachable coils are particularly safe with minimal risk of migration due to high-flow velocity (Okamoto et al., 2006) . The Amplatzer duct occluder is an ideal device for CAFs closure provided the drainage is large enough to allow the passage of the long sheath. This device can be deployed antegradely or retrogradely, and usually use of a single device is enough for complete closure. Another useful device for CAFs closure is the Amplatzer vascular plug. It has wide range of device sizes and can be delivered through a 5-8 French standard coronary guiding catheter. Compared with umbrella devices, the plug affords greater opportunity to close the tortuous fistulae as it can be delivered through a flexible guiding catheter. Detachable coils can also be delivered through a guiding catheter, however, it seems that the plug has advantages over the detachable coil in ease of delivery and incidence of residual flow (Zhu et al, 2010) . Double umbrella devices allow more precise positioning and are used in larger fistulae with coronary branches close to the occlusion site ( Figure-9) (Armsby et al., 2002) .
Technique
The transcatheter approach is a fairly complicated intervention and requires an experienced operator and interventional specialist with expertise in both coronary arteriography and embolization techniques. A wide range of equipment should be available to deal with all the fistulas, as well as possible complications of the techniques. Access is usually needed in both the femoral arteries and one femoral vein and sheaths are inserted initially. Afterwards, heparin needs to be administered (100 units/kg). After hemodynamic data is obtained, aortic root angiography and selective coronary angiography are performed in order to demonstrate the anatomy of the fistula, its drainage site, and in order to identify distal coronary branches (Zhu et al, 2010) . Coronary angiograms are analyzed using different systems and the diameter of the fistula is measured. Approach to closure is determined by the number and the location of drainage sites, the location of the proximal coronary branches, and the ability to cannulate the distal part of the fistula. Device deployment is performed either antegrade (via the femoral vein) or retrograde (via the femoral artery). Antegrade deployment avoids potential damage to the femoral artery, and allows the use of larger catheters and affords a straighter catheter course. Retrograde deployment is to be attempted if there is a difficulty in establishing an arteriovenous wire loop through the fistula. A Berman or Swan-Ganz type of balloon catheter is passed and the balloon inflated with contrast in order to temporarily occlude the vessel. The purpose of this is to test for ischaemia. In the absence of ischaemic changes, the site, where the balloon has been kept inflated or its beyond, is an acceptable site for occlusion of the fistula (Qureshi, 2006) . Afterwards, a guiding coronary catheter is positioned in the artery. With the standard guidewire advanced into the fistula, the guiding catheter may be passed to the point of intended occlusion and then, either Gianturco or Cook-PDA coils can be deployed through this catheter to achieve occlusion. The coil should be up to 30% larger than the vessel to be occluded at the point of occlusion to avoid inadvertent embolisation of the coil. Once the first coil is in correct position, different sizes of coils can be deployed subsequently to form a tight nest (Qureshi, 2006) . Amplatzer occluder type of devices is suitable to the fistula which can be reached via the right side of the heart (Zhou et al, 2006) . The fistula vessel should be large, have easy and straight access from the right heart, if needed with the help of an arteriovenous guidewire circuit, and allow a guiding sheath to be passed into the vessel for the occlusion device. In these, either femoral venous or internal jugular venous access is used. Detachable balloons are rarely used nowadays. They can be floated out with the arterial flow and achieve immediate occlusion and then the balloon is detached. They are complex to use and require large introducer catheters (6) (7) (8) . Early deflation and premature detachment of these balloons incur further problems, which have made most operators avoid of using them (Qureshi, 2006) . Selective coronary angiography in multiple projections is essential before, during and after coil implantation (Olgunturk et al., 2006) . The advantages of the transcatheter closure of CAFs are: shorter hospital stays, less myocardial damage, less invasion, and fewer complications compared with conventional open surgery possible for the patients. Successful occlusion of the CAFs at catheterization was reported in >83-95% of patients. In the remaining patients, they are to be managed conservatively or with surgery (Nakayama et al., 2010) . The procedural complications include transient ischemic changes, unretrieved device embolization, fistula dissection, transient T-wave changes, transient bundle branch block, myocardial infarction, and transient atrial arrhythmia and death. All these complications are rare, apart from inadvertent coil migration, which may occur as a result of high flow in the large fistulas or with undersized coils. Even if the coils do migrate, they can be retrieved with snares (Qureshi, 2006) . Catheter-based closure of CAFs has a better clinical outcome and the operative mortality is 1.4% 0% in current transcatheter closure (Olivotti et al, 2008; Armsby et al., 2002; Qureshi, 2006) . Intimal dissection of the coronary artery, thrombosis or pericardial effusion may also occur. However, morbidity and mortality rates generally are considered to be low. The pericardial effusion may be associated with increased hydrostatic pressure of pericardial vessels, pericardial inflammation or it is similar to the postpericardiotomy syndrome after open heart surgery. After pericardial tap and antiinflammatory agents with aspirin, the effusion disappears gradually (Fue et al., 1997) . In order to reduce complications during the procedure, several procedural and clinical details mandate special attention. First, precise identification of the distal coronary branches is difficult before the fistula is closed due to fast blood flow through the fistula vessel. Thus, the optimal site for device placement is the fistula drainage. However, even after the device is placed at the fistula drainage, it does not mean that a small area of myocardial infarction would not occur. Therefore, it is necessary to monitor ST-T changes for 24 to 48 hours after CAFs closure. Secondly, the sizing of the device is difficult due to variation of the fistula morphology. Undersizing of the device may lead to complications such as residual shunt and device migration, especially when the patient is a child (Zhu et al., 2010) .
Surgical treatment
The first surgical treatment of CAFs was performed by Bjork and Crafoord in 1947 (Ata et al. 2009 ). The indications for surgery include a large CAF characterized by high fistula flow, multiple communications, very tortuous pathways, multiple terminations, significant aneurysmal formation, simultaneous distal bypass, or presence of large vascular branches that can be accidentally embolized (Zenooz et al, 2009 ). If the placement of the occlusion device is considered to be difficult due to aneurysmatic change and tortuous vessel, or if it occludes a coronary artery branch, operation is needed. In addition, it has been reported that surgery should be carried out earlier for a low surgical risk patient, considering future CAFrelated problems, even if the patient does not have symptoms (McMahon et al., 2001 ).
Techniques
Surgical repair usually is approached via a median sternotomy and cardiopulmonary bypass. Identify the feeding vessel and delineate its course and site of insertion. Identify the site of presumed fistulous drainage prior to institution of the cardiopulmonary bypass. A typical procedure includes opening the chamber into which the fistula drains, identifying the fistula, and then closes it either by external ligation or by internal patching of the orifices (Liberthson et al., 1979) . If the fistula enters the ventricle or if the feeding vessel is large, the coronary artery is opened, and the opening to the fistula is closed with a running suture. The arteriotomy is closed. Large aneurysms may require excision. Rarely, when the fistula is an end artery, it may be ligated with or without bypass. Some authors have reported successful surgical occlusion of CAFs on beating heart without cardiopulmonary bypass. Ligation of the CAFs may be performed on the outside of the beating heart when it is easily accessible. But some recommend exploration of the pulmonary artery with the use of cardiopulmonary bypass especially in patients who have CAFs in combination with a vascular malformation (Ata et al., 2009) . Complete occlusion of the fistula may be achieved in >95% of cases after surgery. Complications of surgery include myocardial ischemia and/or infarction (reported in 3% of patients) and recurrence of the fistula (4% of patients). The reason for the recurrence includes the fact that there may be multiple fistulas present which are difficult to deal with by surgery.
Follow-up after transcatheter and surgical closure
The outcome of transcatheter occlusion is as good as that of surgical correction. Patients which are closed by using transcatheter techniques need to be closely followed up for complications such as residual shunts, new fistula formation, formation of thrombus, coronary aneurysma and coronary artery stenosis. Clinical experiences show that the short-, middle-and long-term outcome of transcatheter closure of CAFs has been satisfactory. Residual or recurrent shunts after transcatheter closure have been reported in 10-20% of patients and these may require further procedures to achieve complete occlusion (Liang et al, 2010; Zhu et al, 2010) . A study shows that an incidence of major complications which occurs late after closure of CAFs with transcatheter and surgical interventions is 15% (Valente et al, 2010) . Mortality related to surgical closure or transcatheter closure of isolated CAFs is low (＜1%) (Qureshi, 2006; Urrutia-S et al., 1983) . All patients should be controlled on the following day after a chest radiograph, electrocardiogram, and Doppler echocardiography study and the physical status, electrocardiogram, and Doppler echocardiography need to be followed regularly every 3-6 months during the first year and annually thereafter. Close long-term follow-up with coronary angiography and myocardial scintigraphy after transcatheter or surgical closure of CAFs is very important in order to be able to recognize possible recanalization and complications (Luo et al., 2006; Angelini, 2002b) . The late complications are presence of myocardial infarction, coronary thrombosis, ventricular tachycardia, or heart failure. The etiology of the late complications is associated with angiographic and clinical features of CAFs. The drainage of the CAFs into the coronary sinus may lead to late complications of CAFs. Clinical predictors associated with adverse outcomes include older age, tobacco use, diabetes, systemic hypertension, and hyperlipidemia (Valente et al., 2010) .
Medical treatment
Medical treatment is the most common choice for the mild symptoms. (Sam et al., 2006) . Patients who are conservatorly treated should be followed up closely for appearance of symptoms. Most of the adult patients who are asymptomatic remain free of symptoms for long periods . Medical management of patients with angina due to CAFs is similar to management of angina in the absence of CAFs. Beta-blockers or calcium channel blockers are usually recommended in angina related diseases. Nitrates must be used cautiously, as they can cause dilation of the fistula and they decrease the end-diastolic pressure of the recipient ventricle, both of which can lead to increased shunt flow and coronary "steal". Medical management after complete CAFs occlusion remains controversial in the literature. Most studies do not suggest antiaggregan and anticoagulation treatment. However, in view of the persistence of the fistulous cul-de-sac, coronary artery dilation, and potential for thrombus formation (which may lead to myocardial infarction), aspirin is indicated. For severe coronary artery dilatation (>10 mm), some authors advocate anticoagulation with warfarin. Patients treated surgically and with transcatheter techniques should receive maintenance doses of antiplatelet agents and, perhaps, an anticoagulant regime for the first 6 months postoperatively, until the operative surface has endothelizated. CAFs that drain into the coronary sinus are particularly at high risk of long-term morbidities after CAFs closure, and strategies, including long-term anticoagulation, should be considered in these patients (Valente et al., 2008) . Patients remain at risk for development of endocarditis until the flow is stopped and should receive antibiotic prophylaxis for any dental, gastrointestinal tract, and urologic procedures. Therefore, prophylaxis for bacterial endocarditis is recommended in all CAF patients and in patients after complete fistula occlusion for at least 1 year. Since advanced age and modifiable coronary risk factors, such as hyperlipidemia, systemic hypertension, diabetes, and tobacco use, are associated with increased risk of CAFs complications, control of these factors is needed.
Conclusion
With increased experience and improved devices and techniques, transcatheter closer techniques of CAFs are emerging as a successful therapeutic strategy. The safe and effective results of both surgical closure and transcatheter closer support the current convention of elective closure of clinically significant CAFs in childhood. The preferred method of approach for any individual will depend on the anatomy of the fistula, the presence or the absence of the associated defects and the experience of the interventional cardiologists and surgeons. Coronary artery fistulas can be safely and effectively closed using transcatheter techniques. Anatomical variations and different sizes of coronary artery fistulas necessitate availability of different sizes and types of devices at the time of catheterization for successful closure.
Recent results of both transcatheter and surgical approaches indicate a good prognosis. Life expectancy is considered normal. Patients need to be closely followed up for complication such as residual shunts, new fistula formation and coronary artery stenosis.
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